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(54) Rotary shaft lubricating structure 

(57) An engine (E) has two balancer shafts (21,22) 
supported on two bearing bushings (52a,52b) which are 
made of the same material and mounted to a balancer 
holder. Lubricating oil passages (293,294,295) for sup- 
plying oil to the bearing bushings are defined offset 
upwards from the centers O of the bearing bushings 
(52) and by a distance 5. Each of the bearing bushings 
has two oil bores (52a1,52b2) having a center angle 6 
other than 180°. The two oil bores in the bearing bush- 
ing of one balancer shaft communicate with the lubricat- 
ing oil passages, and one of the oil bores in the bearing 
bushing of another balancer shaft communicates with 
the lubricating oil passage, while the other oil bore of 
that another balancer shaft is closed to keep out of the 
lubricating oil passage. Thus, downstream ends of the 
lubricating oil passages for supplying the oil to the bear- 
ing bushings of the plurality of rotary shafts can be 
closed without use of a special closing member such as 
a blind plug. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a rotary shaft lubri- 
cating structure for lubricating a plurality of rotary shafts 
by supplying oil from an upstream side to a downstream 
side of a lubricating oil passage defined in a bearing 
block, the rotary shafts being supported respectively in 
a plurality of annular bearing members which have first 
and second oil bores at locations spaced apart from one 
another through a predetermined angle and which are 
fixed in a plurality of bearing bores defined in the bear- 
ing block, the lubricating oil passage passing through 
the bearing bores. 

2. DESCRIPTION OF THE RELATED ART 

Such a rotary shaft lubricating structure is already 
known from Japanese Utility Model Publication No. 64- 
3847. In the structure described in this publication, first 
and second bearing members (bushings) for supporting 
journal portions of first and second balancer shafts have 
different shapes. The first bearing member located 
upstream of the lubricating oil passage (i.e., lubricating 
oil supply passage) has two oil bores communicating 
with the lubricating oil passage, and the second bearing 
member located downstream of the lubricating oil pas- 
sage has a single oil bore communicating with the lubri- 
cating oil passage. Therefore, the oil supplied from the 
upstream side of the lubricating oil passage passes 
through the two oil bores of the first bearing member to 
lubricate the journal portion of the first balancer shaft 
and then passes through the single oil bore of the sec- 
ond bearing member to lubricate the journal portion of 
the second balancer shaft. At this time, the downstream 
end of the lubricating oil passage is closed by the sec- 
ond bearing member having the single oil bore and 
hence, it is unnecessary to close the downstream end of 
the lubricating oil passage by a special blind plug, lead- 
ing to a reduced number of parts. 

However, the above known structure suffers from a 
disadvantage in that the shapes (the number of the oil 
bores) of the first and second bearing members must 
differ from each other, resulting in an increased number 
of types of parts, which require an increase in both man- 
ufacturing and management costs. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to ensure that the downstream end of the lubricating oil 
passage can be closed by a single type of bearing 
member without using a special closing member such 
as a blind plug. 

To achieve the above object, according to the 
present invention, there is provided a rotary shaft lubri- 


cating structure for lubricating a plurality of rotary shafts 
by supplying an oil from an upstream side to a down- 
stream side of a lubricating oil passage defined in a 
bearing block passing through a plurality of bearing 

5 bores, the rotary shafts being supported respectively in 
a plurality of annular bearing members which have first 
and second oil bores at locations spaced apart from one 
another through a predetermined angle and which are 
fixed in the plurality of bearing bores defined in the bear- 

w ing block, wherein the first and second oil bores in the 
remaining bearing members excluding the downstream 
end-side bearing member located at a downstream end 
in an oil supplying direction open into the lubricating oil 
passage; the upstream oil bore in the downstream end- 
is side bearing member opens into the lubricating oil pas- 
sage, and the downstream oil bore is closed by the 
bearing block to keep out of the lubricating oil passage. 

With such an arrangement, the downstream end of 
the lubricating oil passage can be closed without using 

20 a special closing member only by preparing the plurality 
of bearing members having the same shape and by set- 
ting the angle of fixing of the downstream end-side 
bearing member located at the downstream end portion 
in the oil supplying direction, so that the angle is differ- 

25 ent from those of the other bearing members, thereby 
reducing the number of parts. Moreover, it is unneces- 
sary to manufacture a plurality of types of bearing mem- 
bers having different shapes, which can contribute to a 
reduction in cost. Further, when the bearing members 

30 are fixed at different angles, it is not restricted or hin- 
dered by the bearing bores in the bearing block, leading 
to an enhanced case of assembly. 

The above and other objects, features and advan- 
tages of the invention will become apparent from the fol- 

35 lowing description of the preferred embodiments taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 Figs.1 to 10 illustrate a first embodiment of the 
present invention, wherein 

Fig.1 is a vertical sectional view of an engine; 
Fig.2 is a sectional view taken along a line 2-2 in 
45 Fig.1 ; 

Fig.3 is a view taken in a direction of an arrow 3 in 

Fig.2; 

Fig.4 is an enlarged view (a bottom view of a sec- 
ondary balancer device) taken along a line 4-4 in 
so Fig.2; 

Fig.5 is a sectional view taken along a line 5-5 in 
Fig.4; 

Fig.6 is a sectional view taken along a line 6-6 in 
Fig.4; 

55 Fig. 7 is an enlarged sectional view taken along a 
line 7-7 in Fig.4; 

Fig.8 is a sectional view taken along a line 8-8 in 
Fig. 2; 

Fig.9 is an enlarged view of an essential portion in 
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Fig.8; 

Fig.10 is a perspective view of a bearing bushing; 
Fig. 1 1 is a view corresponding to Fig.9, but accord- 
ing to a second embodiment of the present inven- 
tion; and 

Fig. 12 is a view corresponding to Fig.9, but accord- 
ing to a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBO D IMENTS 

The present invention will now be described by way 
of preferred embodiments with reference to the accom- 
panying drawings. 

A first embodiment of the present invention will be 
first described with reference to Figs. 1 to 10. 

Referring to Figs.1 to 3, an engine E in the present 
embodiment is an in-line 4-cylinder engine which 
includes a crankshaft 1 disposed horizontally, and four 
cylinder axes 2 disposed substantially vertically. An 
engine body includes a cylinder head 3, a cylinder block 
4 coupled to a lower surface of the cylinder head 3, a 
lower block 5 coupled to a lower surface of the cylinder 
block 4, and an oil pan 6 coupled to a lower surface of 
the lower block 5. #1 ?#2, #3, #4 and #5 journal portions 
1 l 1 2- 1 3. "U ancj 1 5 are clamped and rotatably sup- 
ported between five journal support portions 4 1§ 4 2 , 4 3 , 
4 4 and 4 5 formed on the lower surface of the cylinder 
block 4 and five journal support portions 5 1( 5 2 , 63, 5 4 
and 5 5 formed on an upper surface of the lower block 5. 

The lower surface of the lower block 5 is provided 
with an oil pump 7 comprised of a trochoidal pump and 
a secondary balancer device 8 for reducing the second- 
ary vibration of the engine E. The oil pump 7 and the 
secondary balancer device 8 are immersed in an oil 
accumulated in the oil pan 6. The oil pan 6 has a depth 
at a location below the #1 journal portion 1 ^ larger than 
that at a location below the #4 journal portion 1 4> which 
is convenient for disposition of the oil pump 7. 

As can be seen from Figs. 4 to 6, a pump housing 9 
of the oil pump 7 coupled to a lower surface of the jour- 
nal support portion 5^ of the lower block 5 is comprised 
of two members: a pump body 1 1 and a pump cover 1 2 
which are integrally coupled to each other by five bolts 
10. Six reinforcing ribs 12 1a and 12 1b project from a sur- 
face of the pump cover 12 opposite from the pump body 
1 1 (see Fig.5). Not only the supporting rigidity for a rear 
balancer shaft 22, which will be described hereinafter, 
can be enhanced, but also a variation in oil level due to 
sloshing of the oil within the oil pan 6 can be sup- 
pressed, by the reinforcing ribs 12 1a and 12 1b . Particu- 
larly, the supporting rigidity for the rear balancer shaft 
22 can be remarkably enhanced by the five reinforcing 
ribs 1 2 1a radially formed on the journal support portions 
of the rear balancer shaft 22. 

The pump body 11 includes an intake port 11, 
which opens into a mating surface thereof to the pump 
cover 12. a discharge port 11 2 and a pump chamber 
11 3 . An inner rotor 15 meshed with an outer rotor 14 


rotatably carried in the pump chamber 1 1 3 is coupled to 
and driven by a pump shaft 16 rotatably carried in the 
pump body 11. 

An oil strainer 17 is provided for filtering the oil 

5 within the oil pan 6 to supply the filtered oil to the intake 
port 1 1 i of the oil pump 7, and has a mounting flange 
1 7t which is fastened to the pump cover 1 2 by two of the 
five bolts 10 for coupling the pump cover 12 to the pump 
body 1 1 . The oil discharged from the discharge port 1 1 2 

10 of the oil pump 7 is supplied through an oil passage 1 1 4 
to an oil gallery 13(see Fig.8) defined in the cylinder 
block 4 and then supplied therefrom as a lubricating oil 
to various portions of the engine E. 

Thus, the oil pump 7 having the above-described 

15 construction is coupled to the lower surface of the lower 
block 5 by two bolts 18, 18 passing through the pump 
body 1 1 below the #1 journal portion 1 1 , and by a single 
bolt 19 passing through the pump body 11 below 
between the #1 and #2 journal portions and 1 2> i.e., 

20 at a location offset toward a bracing journal portion 26 4 . 
The secondary balancer device 8 includes a front 
balancer shaft 21 and a rear balancer shaft 22 which 
are rotated in opposite directions at twice the speed of 
the crankshaft 1. The front balancer shaft 21 is com- 

25 prised of a shaft body 23 and a pair of cylindrical covers 
24 and 25. The shaft body 23 includes a pair of balancer 
weight portions 23 1 and 23 2 eccentric from a rotational 
axis of the shaft body 23, a main journal portion 233 
formed between both the balancer weight portions 23! 

30 and 23 2 , a bracing journal portion 23 4 formed at one of 
axial ends, and a driving helical gear 23 5 formed adja- 
cently to the main journal portion 23 3 . The pair of cylin- 
drical covers 24 and 25 are disposed coaxially with the 
rotational axis and fixed to the shaft body 23 so as to 

35 cover the pair of balancer weight portions 23 t and 23 2 . 
The rear balancer shaft 22 is also comprised of a 
shaft body 26 and a pair of cylindrical covers 27 and 28. 
as is the front balancer shaft 21. The shaft body 26 
includes a pair of balancer weight portions 26 1 and 26 2 

40 eccentric from a rotational axis of the shaft body 26, a 
main journal portion 26 3 formed between both the bal- 
ancer weight portions 26^ and 26 2 , a bracing journal 
portion 26 4 formed at one of axial ends, and a follower 
helical gear 26 5 formed adjacently to the main journal 

45 portion 26 3 . The pair of cylindrical covers 27 and 28 are 
disposed coaxially with the rotational axis and fixed to 
the shaft body 26 to cover the pair of balancer weight 
portions 26^ and 26 2 . 

By covering the balancer weight portions 23 1f 23 2 ; 

50 26i and 26 2 with the cylindrical covers 24, 25; 27 and 28 
in the above manner, the balancer weight portions 23 1( 
23 2 ; 26t and 26 2 can be prevented from stirring the oil 
within the oil pan 6, thereby alleviating the rotational 
resistance of the front and rear balancer shafts 21 and 

55 22. 

As can be seen from Fig. 7, a balancer holder 29 
made of an iron-based material is coupled to a lower 
surface of the journal supporting portion 5 3 of the lower 
block 5 by two bolts 30, 30. The driving helical gear 23 5 
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of the front balancer shaft 21 and the follower helical 
gear 26 5 of the rear balancer shaft 22 are accommo- 
dated in a meshed relation within a gear chamber 29 1 
defined in a balancer holder 29. A thrust plate 31 for lim- 
iting the axial movement of the front and rear balancer 5 
shafts 21 and 22 is fixed to the balancer holder 29 by 
three bolts 32 to cover an opening in the gear chamber 
29i . An oil releasing bore 31 ^ is defined in a central por- 
tion of the thrust plate 31 , so that a hydraulic pressure 
generated within the gear chamber 29 1 by meshing of w 
the driving helical gear 23 5 with the follower helical gear 
26 5 is released through the oil releasing bore 31 v 

The driving and follower helical gears 23 5 and 26 5 
are provided between the main journal portions 23 3 and 
26 3 and the bracing journal portions 23 4 and 26 4 of both 15 
the balancer shafts 21 and 22 and in proximity to the 
main journal portions 23 3 and 263, respectively, leading 
to a very good meshing accuracy. In addition, since the 
thrust plate 31 is formed from a single member and 
hence, a reduced number of parts are required, and it is 20 
easy to attach the thrust plate 31 . The oil releasing bore 
31 1 is provided at a location where the pressure in the 
gear chamber 29j is greater, and below the gear cham- 
ber 29} , which is convenient for releasing of the oil. Fur- 
ther, because the balancer holder 29 is made of the 25 
iron-based material having a small thermal coefficient of 
expansion, the variation in distance between axes of the 
balancer shafts 21 and 22 can be minimized, thereby 
preventing the generation of an abnormal sound due to 
a failure of meshing of the helical gears 23 5 and 26 5 . 30 

As can be seen from Fig.4, the bracing journal por- 
tion 23 4 of the front balancer shaft 21 is supported in a 
bearing bore 1 1 5 defined in the pump body 1 1, and the 
bracing journal portion 26 4 of the rear balancer shaft 22 
is supported in a bearing bore 12 2 defined in the pump 35 
cover 12. The pump shaft 16 of the oil pump 7 and the 
rear balancer shaft 22 are disposed coaxially with each 
other, and an oil chamber 12 3 is defined in the pump 
cover 1 2 to communicate with the axial end of the pump 
shaft 16 through an oil Passage 12 4 , so that the axial 40 
end of the bracing journal portion 26 4 (see Fig.4) of the 
rear balancer shaft 22 faces the oil chamber 12 3 . 

In this way, each of the balancer shafts 21 and 22 is 
supported at two places: first, at the lengthwise central 
main journal portion 23 3 , 26 3 and second, at the bracing 45 
journal portion 23 4 . 26 4 at the axial end. respectively. 
Hence, the vibration of both the balancer shafts 21 and 
22 with the rotation can be reliably prevented. Moreover, 
since the bracing journal portion 26 4 of the rear bal- 
ancer shaft 22 is supported in the bearing bore 12 2 in so 
the pump cover 12, the length of the roar balancer shaft 
22 is shortened and hence, the balancer shaft 22 can 
be supported in a more stable manner. Further, since 
the pump body 1 1 is coupled to the lower surface of the 
lower block 5 by the bolt 1 9 at the location offset toward 55 
the bracing journal portion 26 4 , leading to an remarka- 
bly enhanced supporting rigidity for the rear balancer 
shaft 22. 

Lubrication of the front and rear balancer shafts 21 


and 22 supported on the balancer holder 29 will be 
described below with reference to Figs.8 to 10. 

As shown in Fig.8. the main gallery 13 defined in 
the cylinder block 4 in parallel to the crankshaft 1 is con- 
nected to an oil passage 4 7 defined in a surface of the 
cylinder block 4 mated to the lower block 5 through an 
oil passage 4 8 defined in the cylinder block 4. The cylin- 
der block 4 and the lower block 5 are integrally coupled 
to each other by a plurality of bolts 51 and the two bolts 
30, 30 for coupling the balancer holder 29 to the lower 
block 5. The oil passage 4 7 in the mated surface of the 
cylinder block 4 communicates with lubricating oil pas- 
sages 2%, 29 4 , and 29 5 defined in the balancer holder 
29 through oil passages 5 6 and 29 2 defined between 
the lower block 5 as well as the balancer holder 29 and 
an outer periphery of one of the two bolts 30, 30. The oil 
passage 4 7 in the mated surface of the cylinder block 4 
also communicates with an oil channel 4 8 surrounding a 
part of the #3 journal portion 1 3 of the crankshaft 1 to 
lubricate the #3 journal portion 1 3 . 

A bearing cap 61 3 (see Fig.8) made of an iron- 
based material is embedded in the lower block 5 made 
of an atuminum-based material, and the bearing cap 
61 3 and the balancer holder 29 made of the iron-based 
material are commonly clamped to the cylinder block 4 
made of an aluminum-based material. Therefore, the 
weight of the lower block 5 can be reduced, and the sup- 
porting rigidity for the crankshaft 1 and both the bal- 
ancer shafts 21 and 22 can be remarkably enhanced. 
Bolts 51, 51 for fixing the bearing cap 61 3 made of the 
iron-based material in the vicinity of the crankshaft 1 
and the bolts 30, 30 for fixing the bearing cap 61 3 and 
the balancer holder 29 made of the iron-based material 
at portions outside of the bolts 51, 51 are disposed in 
parallel to each other. Moreover, an oil passage 4 6 for 
lubricating the balancer shafts 21 and 22 are defined 
between both the bolts 51 and 30. Therefore, the cylin- 
der block 4 and the lower block 5 can be formed in a 
compact manner. 

As can be seen from Fig. 9. two bearing bores 29 6 
and 29/ are provided in the balancer holder 29 for 
mounting of a first bearing bushing 52 a and a second 
bearing bushing 52 b which support the front and rear 
balancer shafts 21 and 22, respectively. The lubricating 
oil passages 29 3 . 29 4 and 29 5 are cut from the right side 
to the left side in Fig.9 by a single drill and extend 
through the two bearing bores 29 6 and 29y to the oil 
passage 29 2 defined around the outer periphery of the 
bolt 30. Axes L of the lubricating oil passages 29 3 , 29 4 
and 29 5 are oriented eccentrically upwards by a prede- 
termined distance 8 from centers O, O of the bearing 
bores 29 6 and 29/ (i.e., centers O. O of the front and 
rear balancer shafts 21 and 22). 

Each of the first and second bearing bushings 52 a 
and 52 b mounted in the two bearing bores 29 6 and 29? 
in the balancer holder 29 is made of the same material 
and has a first oil bore 52 a1 , 52 b1 and a second oil bore 
52 a2 . 52^ at locations spaced apart from each other by 
a center angle 8 different from 180°, as shown in Fig. 10. 
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Each of the first and second bearing bushings 52 a and 
52 b has a notch 52 3 defined in a side edge thereof, 
which is adapted to be engaged by a projection of a 
press-fit jig to limit the phase of the bearing bushings 
52 a and 52 b when the bearing bushings 52 a and 52 b are 
press-fitted into the bearing bores 29 6 and 29 7 . 

The first upstream end-side bearing bushing 52 a 
mounted in the bearing bore 29 6 to support the main 
journal portion 26 3 of the rear balancer shaft 22 is dis- 
posed so that the first and second oil bores 52 a1 and 
52^ defined therein communicate with the lubricating 
oil passages 29 3 and 29 4 , respectively. The second 
downstream end-side bearing bushing 52 b mounted in 
the bearing bore 29 7 to support the main journal portion 
23 3 of the front balancer shaft 21 is disposed so that the 
first oil bore 52 b1 communicates with the lubricating oil 
passage 29 4 and the second oil bore 52 b2 is closed to 
keep out of the lubricating oil passage 29 5 . An annular 
oil channel 26 6 is defined around the outer periphery of 
the main Journal portion 26 3 of the rear balancer shaft 
22, and the two oil bores 52 a1 and 52 a2 in the first bear- 
ing bushing 52 a communicate with each other through 
the oil channel 26 6 . Because the annular oil channel 26 6 
is defined, the amount of lubricating oil supplied to the 
bearing bushing 52 b located at the downstream end can 
be assured. 

As can be seen from Figs.1 and 4, a pump follower 
sprocket 33 and a balancer follower sprocket 34 are 
fixed to the axial end of the pump shaft 16 extending 
from the pump body 1 1 and the axial end of the front 
balancer shaft 21, respectively. Both the sprockets 33 
and 34 are connected through an endless chain 36 to a 
driving sprocket 35 fixed to the axial end of the crank- 
shaft 1 . A chain guide 37 is mounted on the tensioned 
side of the endless chain 36, and a hydraulic chain ten- 
sioner 38 is mounted on the loosened side of the end- 
less chain 36. 

The balancer follower sprocket 34 has one-half the 
number of teeth of the driving sprocket 35, and the 
pump follower sprocket 33 has a number of teeth which 
is different from the number of teeth of the balancer fol- 
lower sprocket 34. It is preferable for performance of the 
oil pump 7 that the balancer follower sprocket 34 has a 
smaller number of teeth than the pump follower sprocket 
33. The endless chain 36 for driving the oil pump 7 and 
the front balancer shaft 21 is disposed inside an endless 
chain 36a for driving a camshaft, namely, on the side of 
the #1 journal portion 1j of the crankshaft 1. 

The operation of the embodiment of the present 
invention having the abovendescribed arrangement will 
be described below. 

When the engine E is driven, the rotation of the 
crankshaft 1 is transmitted through the driving sprocket 
35 and the endless chain 36 to the pump follower 
sprocket 33 and the balancer follower sprocket 34. 
Since the balancer follower sprocket 34 has one-half the 
number of tooth of the driving sprocket 35, the front bal- 
ancer shaft 21 and the rear balancer shaft 22 connected 
to the front balancer shaft 21 through the driving helical 


gear 23 5 and the follower helical gear 26 5 having the 
same number of teeth are rotated in opposite directions 
at a speed twice that of the crankshaft 1 to alleviate the 
secondary vibration of the engine E. In addition, since 

s the pump follower sprocket 33 has a number of teeth 
which is different from the number of teeth of the bal- 
ancer follower sprocket 34, the pump shaft 16 is rotated 
at a speed different from the number of revolutions of 
the balancer shafts 21 and 22 (e.g., at a speed one-half 

10 the speed of the balancer shafts 21 and 22). 

In this way, the pump shaft 16 and the rear balancer 
shaft 22 disposed below the cylinder block 4 are dis- 
posed coaxially in a separated manner and driven inde- 
pendently Therefore, the size of the oil pump 7 cannot 

15 be increased and moreover, not only the oil pump 7 and 
the rear balancer shaft 22 can be disposed in a compact 
manner below the cylinder block 4, but also the speed of 
the oil pump 7 can be set at a value, unrelated to the 
speed of the rear balancer shaft 22 to maintain freedom 

20 of design The pump shaft 1 6 and the rear balancer shaft 
22 are not necessarily to be disposed exactly coaxially 
with each other, but if the reduction in size and design 
freedom of the engine E are taken into consideration, it 
is desirable that the pump shaft 16 and the rear bal- 

25 ancer shaft 22 are disposed coaxially with each other, 
as in the embodiment. 

As can be seen from Fig.4. since the oil supply 
channel 12 5 is defined in the surface of the pump cover 
1 2 opposed to the pump shaft 1 6 and communicates at 

30 one end with the discharge port 11 2 of the oil pump 7 
and at the other end with the axial oil passage 124 
defined in the pump cover 12, the oil supplied from the 
discharge port 1 1 2 through the oil supply channel 12 4 is 
supplied via the axial oil passage 1 2 4 to the oil chamber 

35 12 3 to lubricate the bracing journal portion 264 of the 
rear balancer shaft 22 supported in the bearing bore 
12 2 connected to the oil chamber 12 3 . Because the oil 
passage 12 4 is defined in the pump cover 12 in the 
above manner, the bracing journal portion 26 4 of the 

40 rear balancer shaft 22 can be lubricated through the oil 
passage having a minimum length. 

The rear balancer shaft 22 is biased in a direction of 
an arrow A in Fig.4 by a reaction force received by the 
follower helical gear 26 5 of the rear balancer shaft 22 

45 from the driving helical gear 23 5 of the front balancer 
shaft 21. However, the axial end of the bracing journal 
portion 26 4 of the rear balancer shaft 22 is biased in a 
direction of an arrow B by a hydraulic pressure applied 
to the oil chamber 12 3 through the oil supply channel 

so 12 5 and the axial oil passage 12 4 defined in the pump 
cover 12 and hence, the movement of the rear balancer 
shaft 22 in the thrust direction can be restrained to pre- 
vent abnormal sound generation. 

Now, the oil supplied from the oil pump 7 to the 

55 main gallery 1 3 in the cylinder block 4 is supplied via the 
oil passages 4 6 and 4 7 in the cylinder block 4, the oil 
passage 5 6 in the lower block 5 and the oil passage 29 2 
in the balancer holder 29 to the lubricating oil passage 
29s in the balancer holder 29. The oil supplied to the 
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lubricating oil passage 29 3 passes through the first oil 
bore 52 a1 in the first bearing bushing 52 a of the rear bal- 
ancer shaft 22 to lubricate the main journal portion 263 
of the rear balancer shaft 22. Such oil is supplied 
through the oil channel 26 6 defined in the main journal 5 
portion 263 and the second oil bore 52^ in the first 
bearing bushing 52 a to the lubricating oil passage 29 4 in 
the balancer holder 29. The oil supplied to the lubricat- 
ing oil passage 29 4 passes through the first oil bore 
52 b1 in the second beering bushing 52 b of the front bal- 
ancer shaft 21 to lubricate the main journal portion 23 3 
of the front balancer shaft 21 . 

At this time, the oil which has lubricated the main 
journal portion 23 3 of the front balancer shaft 21 is pre- 
vented from entering the lubricating oil passage 29 5 , 
because the second oil bore 52^ in the second bearing 
bushing 52 b of the front balancer shaft 21 is closed to 
keep out of the lubricating oil passage 29 5 in the bal- 
ancer holder 29, as can be seen from Fig.9. Even if the 
same material is used for the first bearing bushing 52 a 
of the front balancer shaft 21 and the second bearing 
bushing 52 b of the rear balancer shaft 22 to reduce the 
number of types of parts, the end opening of the lubri- 
cating passage 29 5 need not be occluded by a special 
member such as a blind plug, which can contribute to a 
reduction in number of parts. 

In addition, since the oil passages 5 6 and 29 2 for 
guiding the oil to the lubricating oil passages 293 to 29 5 
are made utilizing the bolt bores in the bolts 30 for cou- 
pling the lower block 5 and the balancer holder 29 to the 
cylinder block 4, the oil passages 5 6 and 29 2 can be 
easily made. Moreover, since the lubricating oil pas- 
sages 29 3 to 29 5 in the balancer holder 29 are defined 
offset above the centers 0, 0 of the bearing bores 29 6 
and 29y (on the side of the lower block 5), the length of 
the oil passage 29 2 in the balancer holder 29 can be 
shortened to the minimum, but also the positions of the 
seating faces of the bolts 30, 30 can be shifted upwards 
to contribute to the reduction in size of the engine E. 
This is convenient particularly when the rear side of the 
oil pan 6 (below the rear balancer shaft 22) is shallower 
than the front side of the oil pan 6 (below the front bal- 
ancer shaft 21), as shown in Fig. 1 . 

In the embodiment shown in Fig.9, all of the three 
oil bores 52 a1 , 52^ and 52 b1 in the bearing bushings 
52 a and 52 b open into the lubricating oil passages 29 3 
and 29 4 and hence, it is unnecessary to enlarge the oil 
bores 52 al , 52 a2 and 52 b1 more than required. Thus, 
the sizes of the oil bores 52 a1 , 52 a2 and 52 b1 can be set 
depending upon the amount of the lubricating oil, while 
a sufficient rigidity of the oil bushings 52 a , 52 b is 
assured, thereby enhancing the freedom of design. 

Fig. 11 illustrates a second embodiment of the 
present invention. In this second embodiment, lubricat- 
ing oil passages 29 3 to 29 5 in the balancer holder 29 are 
defined offset above the centers O, O of the bearing 
bores 29 6 and 297, and first oil bores 52 a1 and 52 b1 and 
second oil bores 52^ and 52 b2 defined respectively in 
two bearing bushings 52 a and 52 b made of the same 


material have a center angle equal to 180°. Even with 
the second embodiment, a function and eff ct similar to 
those in the first embodiment can be provided by the 
fact that the two oil bores 52 a1 and 52^ in the first bear- 
ing bushing 52 a of the rear balancer shaft 22 communi- 
cate with the lubricating oil passages 29 3 and 29 4 ; the 
first oil bore 52 b1 in the second bearing bushing 52 b of 
the front balancer shaft 21 communicates with the lubri- 
cating oil passage 29 4 , and the second oil bore 52 b2 is 
closed to keep out of the lubricating oil passage 29 5 . 
Moreover, since the center angle 9 formed by the first 
and second oil bores 52 a1 , 52 b1 and 52 a2 , 52 b2 in the 
bearing bushings 52 a and 52 b is 180°, it is easy to cut 
the oil bores 52 a1 , 52 b1 , 52 a2 and 52 b2 . 

Fig. 12 illustrates a third embodiment of the present 
invention. In the third embodiment, lubricating oil pas- 
sages 29 3 to 295 in the balancer holder 29 are defined 
to extend through the centers of O, O of the bearing 
bores 29 6 and 29 7 , and first and second oil bores 52 a1 , 
52 b1 , 52q2 and 52 b2 defined in two bearing bushings 
52 a and 52 b made of the same material have a center 
angle 9 different from 180°. Even with the third embodi- 
ment, a function and an effect similar to those in the first 
embodiment can be provided by the fact that the two oil 
bores 52 a1 and 52^ in the first bearing bushing 52 a of 
the rear balancer shaft 22 communicate with the lubri- 
cating oil passages 29 3 and 29 4 ; the first oil bore 52 b1 in 
the second bearing bushing 52 b of the front balancer 
shaft 21 communicates with the lubricating passage 
29 4 , and the second oil bore 52 b2 is closed to keep out 
of the lubricating oil passage 29 5 . Moreover, since the 
lubricating oil passages 29 3 to 29 5 extend through the 
centers O, O of the bearing bores 29 6 and 29 7 , it is easy 
to cut the lubricating oil passages 29 3 to 29 5 . 

Although the embodiments of the present invention 
have been described in detail, it will be understood that 
the present invention is not limited to the above- 
described embodiments, and various modifications may 
be made without departing from the spirit and scope of 
the invention defined in the claims. 

For example, the structure for lubricating the bal- 
ancer shafts 21 and 22 has been described and illus- 
trated in the embodiments, but the present invention is 
applicable to the lubrication of any other shafts and 
moreover, the number of such shafts may be three or 
more. 

An engine has two balancer shafts supported on 
two bearing bushings which are made of the see mate- 
rial and mounted to a balancer holder. Lubricating oil 
passages for supplying oil to the bearing bushings are 
defined offset upwards from the centers 0 of the bear- 
ing bushings and by a distance 5. Each of the bearing 
bushings has two oil bores having a center angle 9 other 
than 180°. The two oil bores in the bearing bushing of 
one balancer shaft communicate with the lubricating oil 
passages, and one of the oil bores in the bearing bush- 
ing of another balancer shaft communicates with the 
lubricating oil passage, while the other oil bore of that 
another balancer shaft is closed to keep out of the lubri- 
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eating oil passage. Thus, downstream ends of the lubri- 
cating oil passages for supplying the oil to the bearing 
bushings of the plurality of rotary shafts can be closed 
without use of a special closing member such as a blind 
plug- 5 

Claims 

1. A rotary shaft lubricating structure for lubricating a 
plurality of rotary shafts by supplying an oil from an w 
upstream side to a downstream side of a lubricating 

oil passage defined in a bearing block, comprising: 

a plurality of bearing bores, said lubricating oil 
passage passing through said plurality of bear- 15 
ing bores; and 

a plurality of annular bearing members, said 
rotary shafts being supported respectively in a 
plurality of annular bearing members which 
have first and second oil bores spaced apart 20 
from one another through a predetermined 
angle and which are fixed in said plurality of 
bearing bores defined in the bearing block, 

wherein said first and second oil bores 
in the bearing members excluding a down- 25 
stream end-side bearing member located at a 
downstream end in an oil supplying direction 
open into said lubricating oil passage, 

wherein an upstream-side one of the oil 
bores in said downstream end-side bearing 30 
member opens into said lubricating oil pas- 
sage, and 

wherein a downstream -side one of the 
oil bores of the said downstream end-side 
bearing member is closed by said bearing 35 
block to keep out of said lubricating oil pas- 
sage. 

2. A rotary shaft lubricating structure according to 
claim 1 , 40 

wherein said bearing block is coupled by a 
bolt to a body block having an oil passage for sup- 
plying the oil to said lubricating oil passage, 

wherein another oil passage is defined 
around an outer periphery of a bolt bore, through 45 
which said bolt is inserted, to communicate with 
said lubricating oil passage in said bearing block, 
and 

wherein said lubricating oil passage in said 
bearing block is defined offset from the center of so 
said bearing bore toward said body block. 

3. A rotary shaft lubricating structure according to 
claim 2, 

wherein said first and second oil bores are 55 
spaced apart from each other, through an angle 
other than 180°. 

4. A rotary shaft lubricating structure according to 


claim 2, 

wherein said first and second oil bores are 
spaced apart from each other through an angle 
equal to 180°. 

5. A rotary shaft lubricating structure according to 
claim 1 , wherein said bearing block is coupled by a 
bolt to a body block having an oil passage for sup- 
plying the oil to said lubricating oil passage. 

wherein an oil passage is defined around an 
outer periphery of a bolt bore.through which said 
bolt is inserted, so as to communicate with said 
lubricating oil passage in said bearing block, 

wherein said lubricating oil passage in said 
bearing block is defined to extend through the 
center of said bearing bore, and 

wherein said first and second oil bores are 
spaced apart from each other through an angle dif- 
ferent from 180° 

6. A rotary shaft lubricating structure according to 
claim 1 , 

wherein said bearing block comprises a bal- 
ancer shaft support member coupled to a lower sur- 
face of the cylinder block of an engine through a 
lower block, 

wherein said rotary shaft comprises a bal- 
ancer shaft supported on said balancer shaft sup- 
port member, 

wherein said lower block having a bearing 
cap for supporting a journal portion of a crankshaft 
is placed into abutment against opposite sidewatls 
of said cylinder block, said balancer shaft support 
member being placed into abutment against a 
lower surface of said lower block, said lower block 
and said balancer shaft support member being 
commonly damped to said cylinder block by a com- 
mon bolt, and 

wherein a bore through which said bolt is 
inserted is utilized as an oil passage for supplying 
the oil to said lubricating oil passage. 

7. A rotary shaft lubricating structure according to 
claim 6, 

wherein said lubricating oil passage is 
defined offset from the center of said bearing bore 
toward said lower block. 

8. A rotary shaft lubricating structure according to 
claim 1 , 

wherein said bearing block comprises a bal- 
ancer shaft support member coupled to a lower sur- 
face of the cylinder block of an engine through a 
lower block, 

wherein said rotary shaft comprises a bal- 
ancer shaft supported on said balancer shaft sup- 
port member, 

wherein said lower block is made of an alu- 
minum-based material and includes a bearing cap 
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made of an iron-based material and embedded 
therein for supporting a journal portion of a crank- 
shaft, 

wherein said lower block is fixed to opposite 
sidewalls of said cylinder block which is made of an 5 
aluminum-based material, 

wherein said balancer shaft support member 
being fixed to a lower surface of said lower block, 
and 

wherein an oil passage for supplying the oil w 
to the journal portion of the crankshaft is defined in 
a surface of said cylinder block to which said lower 
block is coupled and which is opposed to said bear- 
ing cap. said oil passage diverging from an oil pas- 
sage for supplying the oil to said lubricating oil y 5 
passage in said balancer shaft support member. 

A rotary shaft lubricating structure according to 
claim 6, 

wherein said lubricating oil passage is 20 
defined offset from the center of said bearing bore 
toward said lower block. 
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FIG.1 
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FIG.8 
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FIG. 10 
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